Heavy-mineral assemblages in the cored sediments from DSDP Legs 56 and 57 show a distinct change of source rocks, from older sedimentary rocks during the Oligocene to volcanic rocks during the Miocene through Pleistocene. The former might have been supplied by the "Oyashio ancient landmass," and the latter from the volcanic areas in Hokkaido and northeast Honshu. This indicates a shift of the Japanese Islands toward the continent.
INTRODUCTION
During Legs 56 and 57, sediments were cored in 16 bore holes at 7 sites across the Japan Trench east of Hokkaido and northeast Honshu; many samples from the Cretaceous to the Pleistocene were obtained.
We investigated the heavy-mineral assemblages of 59 samples of sandy and silty sediments from these holes. The main purpose was to identify the source rocks of these sediments and to supply basic data for geologic research in and around the Japan Trench.
The present report includes our results and interpretations, but we could not perform a detailed analysis because of an insufficient number of samples.
MATERIALS AND EXPERIMENTAL
PROCEDURE We received 65 samples of sand, sandy silt, silt, sandstone, and siltstone, from which we chose 59 for analysis after megascopic examination and elimination of some unsuitable samples.
Samples from Holes 434 and 435 are Pliocene to Pleistocene; those from Hole 439 are upper Oligocene to lower Miocene; those from Hole 438B are lower to middle Miocene; others are upper Miocene to Pleistocene. (See site chapters, this volume.)
We used the methods of Miki (1972) . We gently crushed each sample until all grains passed through a 60-mesh sieve (0.25-mm opening). After removing and dissolving clayey matter and carbonates by cleaning with water and heating for 15 minutes with dilute (1:1) HC1 on a water bath, we separated heavy minerals from other constituents with Thoulefs solution, a heavy liquid with a specific gravity of 2.87.
Some materials are illustrated in Plates 1 and 2.
RESULTS

Weight
percentages of heavy residues vary remarkably from 0.01 to 10.71 per cent (Table 1) .
The majority of the Oligocene-Miocene samples contain less than 1 per cent heavy minerals; younger sediments contain more. Non-opaque heavy minerals are hypersthene, augite, diopside, brown hornblende, green hornblende, epidote, mica, zircon, garnet, tourmaline, glauconite, and sphene, as indicated in Table 1 . Glauconite, 1 an authigenic mineral, occurs rarely in some samples. Oxyhornblende, which is lumped with brown hornblende in the table, also appears.
High concentrations of mafic minerals such as pyroxene and amphibole, most of which are euhedral, are characteristic of the Miocene to Pleistocene assemblage. The Oligocene samples from Site 439 are, on the other hand, characterized by a rather high frequency of stable minerals such as zircon, garnet, and tourmaline.
Frequency of hypersthene shows striking variations, from 0 in the Oligocene to 81.9 per cent in the Pliocene, and total pyroxenes, including augite and diopside varies from 4.1 to 91.0 per cent. Frequency of hornblende, another characteristic mineral in the Neogene and the Quaternary, is 6.0 per cent at minimum and 93.3 per cent at maximum.
In the upper-Oligocene to lower-Miocene samples from Site 439, the frequency of pyroxene varies inversely with that of zircon, garnet, and tourmaline. The small elongation ratio of zircon (mostly less than 2.0) indicates not a volcanic but a sedimentary source (Poldervaart, 1955) . The maximum frequency of zircon is 52.0 per cent; that of garnet is 39.7 per cent; and that of tourmaline is 2.9 per cent.
Mineral frequencies were recalculated and plotted on a triangular diagram, in which pyroxene, hornblende, and zircon plus garnet plus tourmaline are the end members. Neogene to Quaternary samples plot mostly on and near the pyroxene-hornblende line, and Oligocene samples plot away from it ( Figure 1 ). GlaucoTournite Sphene maline
Includes opaque minerals.
CONSIDERATION
The most striking feature of the assemblages in the Miocene to Pleistocene sediments is the high concentrations of pyroxene and hornblende, in contrast with the scantiness of zircon and garnet. This strongly suggests a volcanic source for these sediments.
Okada (in Ujiie et al., 1977) , in a study of the lateCenozoic sediments in northwestern Hokkaido, discriminated four heavy-mineral suites: (1) augite-hypersthene-hornblende-glaucophane, (2) zircon-garnetaugite -diopside-hypersthene-hornblende-glaucophane, (3) augite-hypersthene-hornblende, and (4) zircon-tourmaline-garnet-augite-hornblende. Heavy-mineral assemblages in the present Miocene to Pleistocene samples are in harmony with these four suites excepting the disappearance of glaucophane, and they show, as Okada concluded, the predominance of volcanic clasts as source materials. The abundance of unstable mafic minerals and their unrounded and unbroken condition are attributed to short transportation from nearby source rocks. This also indicates active magmatism in an island arc during Neogene to Quaternary time.
The analytical results lead to the conclusion that volcanism must have been active in the northern Japanese Islands not only during the Miocene to Pleistocene, as has been verified by the land geology, but also during the Oligocene; this volcanism, although its intensity changed from time to time, supplied detritus to the Japan Trench. A predominance of hornblende and pyroxene characterizes the volcanic activity of the Oligocene to Miocene and the Pliocene to Pleistocene (Figure 2) .
Another characteristic of these assemblages is the rather frequent appearance in the upper-Oligocene materials of zircon and garnet, which are index minerals for older sedimentary rocks, as is clear from Figure 1 . The source area of the sedimentary clasts of the Oligocene samples is an important problem.
The shipboard scientists supposed a land area named the "Oyashio ancient landmass" to the east of the sites during the Oligocene, which subsided gradually during the Neogene. Judging from our finding that the heavymineral assemblages change between the Oligocene and the Neogene to Quaternary, we consider it possible that this landmass was the source area for the Oligocene sediments; however the details will have to be investigated further. The site reports for Leg 56 (this volume) describe a structural repetition of beds. It is impossible to divide our samples into groups based on heavy-mineral assemblages, because of their similar composition; consequently, we cannot elucidate this problem.
CONCLUSIONS
Pyroxene and hornblende, index minerals of volcanic rocks, are abundant in whole samples, particularly in those of the Miocene to Pleistocene. Zircon and garnet, which occur usually in sedimentary rocks, frequently appear in the Oligocene samples, although they are scarce in other samples.
From these results, we presume the existence of a sedimentary landmass near the trench as a source of the clasts during the Oligocene, in addition to the volcanic source.
PLATE 1
Photomicrographs of Heavy Minerals from Sediments of the Japan Trench Transect hy, hypersthene; ho, hornblende; ep, epidote 
